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Various types of carriers were screened to immobilize 
with Aspergillus niger for citric acid production. The 
screening test showed that cellulose sponge was an 
excellent immobilization carrier for citric acid 
fermentation wherein the yield of 45 gil was obtained 
after 7 days of cultivation, while the yield with 
urethane foam as a carrier was 5 gil. Using the cellulose 
sponge carrier which was earlier tested, the method of 
immobilization in batch culture was investigated under 
varying medium composition, medium concentration and 
carrier packing rate. The highest productivity achieved 
was 9.5 gil-day at 55% packing rate when the basal medium 
concentration was increased two times. However, increasing 
the basal medium concentration three times, the maximum 
productivity was 7 gil-day at 40% packing rate. 
Furthermore, at basal concentration and at 30% packing 
rate, the maximum production of 95 gil was reached when 
the biomass density was 4 gil. Results showed that 
production rates were also inhibited by other limiting 
factors such as oxygen supply or nutrient distribution. 
Introduction 
Development of bioreactor using immobilization method has 
reached the stage of actual industrial production. Heinrich and 
Rehm (1.21 reported the immobilization of AspergilLus niger and 
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Fusarium moniLiforme by adsorption techniques on glass carriers 
using a fixed-bed reactor, but the adsorbed mycelia often grew in 
high densities so that the medium circulation and oxygen supply 
were insufficient. During the cultivation, molds aggregated and 
clogging occurred in the reactor. In the case of gel-beads-
immobilized AsP. niger, Eikmeier and Rehm (3) claimed that the 
spores of the molds were entrapped in calcium-alginate beads and 
pre-cultivated in growth media with various amounts of nitrogen 
using air-lift fermentor, in which the productivity of immobilized 
AsP. niger was found to be 1.5 times higher than in the case of 
free pellets. However,there was a problem when the growing 
colonies achieve a high density, because they tend to detach from 
the beads and aggregate. 
Recently, novel immobilization method has been developed using 
porous carriers (4). Porous structure is an alternative method to 
immobilize AsP. niger which eliminates the problems of using an 
entrapment method by gel-beads where oxygen supply is limited 
inside the beads (5). Contrary to porous structure, gel beads 
are weak gainst shear. Furthermore, by virtue of its porosity, 
these carriers are able to immobilize a highly dense mycelium 
layer (6) • Kobayashi et aL. (7) mentioned that Streptomyces 
oryzae was immobilized with urethane foam carrier for the 
production of glucoamylase by repeated batch culture. The 
production reached was 35 gil at maximum. This investigation 
indicated that repeated batch culture was optimum method for 
immobilization with porous carriers. 
We aimed to apply a novel immobilization method for the 
production of citric acid at industrial scale. In this report, 
various types of carriers were screened with Asp. niger for the 
production of citric acid. Using the selected carrier, the method 
of immobilization of the mold for the production of citric acid 
was investigated. 
Materials and Methods 
Raw sugar was obtained from Thailand. The carriers used for 
screening were stainless steel wire constructed in cubic-shape, 
perlite stone, urethane foam, and cellulose sponge with an 
approximate size of 3mm 3 • The AsP. niger was provided by Kyushu 
Chemical Co. ,Ltd. The other reagents used were of special grade 
obtained from commercial market. 
To investigate materials which are suitable to produce citric 
acid by AsP. niger, screening test was carried out in shaker flask 
Table 1 Basal medium composition for pre-culture 
and actual acid production 
Component 
Raw Suger 
(NH 4 )2S04 
KH 2 P0 4 
MgS04 7H 2 0 
pre-culture medium(g/l) Acid production medium(g/l) 
20 
2.5 
1 
0.5 
140 
1 
0.5 
The spores of AsP. niger were inoculated using a microspatula into 
a 500-ml E. flask with the carriers and a pre-culture medium 
whose composition was shown in Table 1. Incubation was kept in 
rotary shaker (140 rpm) at 25°C for 4 days. Production medium 
tested was shown in Table 1. The carriers immobilized with the 
molds were washed and rinsed with distilled water after pre-
cultivation, and were transferred into the production medium. The 
production culture was done by using a rotary shaker(180 rpm) 
with 140-ml medium in a 500-ml E. flask. The flask was incubated 
at 30°C for 7 days. Citric acid was quantitatively analyzed by 
HPLC on Shimadzu LC-6A [column, Simpack CLCODS 150x4.6 mm ; 
effluent, 0.03M Phosphate Buffer solution(pH 2); column oven 
temperature, 40°C; flow rate, 5 ml/min; detection wavelength, uv 
210 nm]. Simultaneously, neutralization titration method was done 
by using phenolphthalein as indicator. 
It is clear that the conditions of immobilization strongly 
influence the production of acid. The effect of packing rate of 
carrier within the pre-culture medium, concentration of the 
medium and biomass in the carrier on the productivity were tested. 
Packing rate was varied within the range of 20-60%, while the pre-
culture medium concentration were varied two and three times of 
the basal concentration(Table 1). 
Mold density was measured as follows: the carriers immobilized 
with molds were washed and rinsed with distilled water and were 
dried. The treated carriers were added with 20 ml of 0.5N HC10 4 
solution in 100-ml E. flask. The flask was covered with aluminum 
foil and put in a boiling water for 15 min, then the flask was 
moved immediately into ice-cold water bath. The solution was 
filtered and the filtrate was measured with photometer at 260 nm 
wavelength. 
Results 
The results of the screening test as shown in Fig.1 indicated 
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that the cellulose sponge was an excellent material as a carrier, 
wherein citric acid production of 45 gil was obtained after 7 days 
of cultivation, while the yield with urethane foam was 5 gil. 
In the case of stainless steel 
wire and perlite stone, no 
citric acid was produced. These 
results indicated that AsP. 
niger could easily adapt to 
cellulose carrier which could 
be explained by enzymatical 
relationship between cellulase 
as produced by the mold and the 
cellulose material as a carrier. 
Table 2 shows the effect of the 
pre-culture medium concentration 
and carrier packing rate on the 
rate of volume expansion of the 
carrier with the molds, wherein 
the carrier tested is apparently 
expanding during the cultivation 
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Fig. 1 Cilric acid produclion using cellulose 
sponge and urclhan foam as a carrier. 
-0- Cellulose sponge 
-e- Urelhan foam 
since the inoculated molds grow attached to the carriers. The 
results of the investigation on the effect of pre-culture medium 
concentration and carrier packing rate on the acid production 
rate are shown in Table 3. From the results in Table 2, the 
volume expansion rate of carriers with molds is directly 
proportional to the concentration of the pre-culture medium, but 
inversely proportional to the packing rate. However, the 
relationship between the packing rate and pre-culture medium 
concentration is not clearly shown from Table 3. When the medium 
concentration was at its original basal medium concentration and 
when the concentration was increased three times, the production 
rate reached a peak point of approximately 7 gil-day at 40% 
packing rate as shown in Fig. 2. When the concentration of the 
basal medium was increased only two times, the higher production 
rate was obtained. It increased with increasing packing rate 
within the range of 20-60% packing rate. From these results, it 
may be speculated that the acid production rate is not solely 
dependent on biomass density and packing rate. The acid production 
rate may have been affected by other limiting factors such as 
oxygen supply or even distribution of nutrients into the carriers 
Table 2. Effect of packing rate and pre-culture medium 
concentration on the rate of volume expansion of 
the carrier with molds 
Pre-culture medium Packing rate (%) 
concentration 20 30 35 40 45 
Basal concn. 2.1 1.7 2.0 1.7 1.1 
X 2 3.0 2.0 1 .8 1.8 1.1 
X 3 3.8 3.3 2.4 1.3 1.2 
Table 3. Effect of packing rate and pre-culture medium 
concentration on acid production rate (gil-day) 
Pre-culture medium Packing rate (%) 
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Discussion 
In porous catalytic pellets, the coupling of kinetic and 
transport processes is important in the field of chemical 
reaction engineering. There has been an extensive research on 
this subject which was reviewed by Aris in a comprehensive 
treatise, The MathematicaL Theory of Diffusion and Reaction in 
PermeabLe CataLysts [B) Stephanopolous and Tsiveriotis [9 J 
investigated the effect of intraparticle convection on nutrient 
transport in porous biological pellets and reported that the 
nutrient concentration in the downstream part of the spherical 
pellet is limited since most of the nutrient has already been 
consumed upstream. Atkinson et aL. [1 OJ reported that the activity 
of ester exchange related enzyme was higher in immobilized system 
than in suspension culture. The use of porous carriers was found 
to be suitable in industrial scale processes. In the case of 
culture where microbial film is formed on the surface of the 
porous carriers, lipase activity becomes higher than cultivation 
with pellet formation. 
Nakashima eta L. [4 J proved the 
relationship of lipase activity 
and morphology of molds. In ~ 
immobilization method of citric 
acid production, AsP. niger 
c: 
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o 
the carrier in this experiment. ~ 
The thickness of the film may 
have been affected by the 
pre-culture conditions as shown 
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in Table 2. However, the thick-
ness of the film has no direct 
relations with acid productivi-
Fi~ 3 Relationship belween bion~ss densily 
ty (Fig. 2). To obtain a maximum 
acid productivity, it is necessary 
to define the relations among the 
and ac i d producl i on us i ng /lsi). niger 
immobilized in cellulose carrier. 
pre-culture conditions, biomass density, mass transfer and 
microbial film thickness. 
Fig. 3 shows the acid productivity with biomass densities. The 
pre-culture was carried out using the basal concentration under 
the carrier packing rate of 30%. Maximum acid production of 95 
gil was obtained at 4 gil mold density. However, there are many 
conditions which limit the acid productivity. To obtain a 
maximum efficiency in actual citric acid production, it is 
significant to define the type of carrier material, size of 
carrier, pre-culture conditions, oxygen supply and biomass 
density. 
Nowadays, cellulose sponge as a carrier used in the process of 
ester exchange of lipids has been done at Kanegabuchi Co., Ltd. 
In the future, porous carriers will be available in the 
immobilization of several kinds of molds, bacteria, plants and 
animal cells in industrial scale. 
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